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1ff
S. Northshield [1], [2] $\mathbb{C}$ 2
2 2 $\oplus$
1
$J$ : $\overline{\mathbb{C}}arrow\overline{\mathbb{C}}$ $x,$ $y\in\overline{\mathbb{C}}$ $\oplus$ :
$x \oplus y=\frac{xf(y)-yf(X)}{f(y)-f(x)}$
$x=y$ :
$y arrow x1\mathrm{i}\mathrm{m}x\oplus y=x-\frac{f(X)}{f(X_{J}},$,
21 $\oplus$
$a,$ $b,$ $c,$ $d,$ $e\in \mathbb{R}$ $f(X)= \frac{ax^{2}+bx+c}{dx+e}$ $a,$ $d$ 0
2
2 $f(X)= \frac{ax^{2}+bx+c}{dx+e}$ $\oplus$
1









$p(x)=ax^{2}+bx+c$ 2 $f(x)= \frac{ax^{2}+bx+c}{dx+e}$ $\oplus$
:
$\frac{\partial}{\partial x}$ ($x$ $y$ ) $= \frac{p(x\oplus y)}{p(x)}$
$s(x, y)= \frac{f(x)}{x-x\oplus y}=\frac{f(x)-f(y)}{x-y}$ 2 $\text{ }$
.
$f$ (x) $\iota=-\frac{e}{d},$ $2$ $f(x)$
$\iota=\infty$ $f(\iota)=\infty$
$\lim_{tarrow\iota}x\oplus z=x$.
$\frac{\partial}{\partial x}(x\oplus y)$ $=$ $z arrow 1\mathrm{i}\mathrm{n}‘\frac{x\oplus y-x\oplus y\oplus z}{x-x\oplus z}=\lim_{zarrow \mathrm{t}}\frac{x\oplus y-x\oplus y\oplus z}{f(x\oplus y)}f(x\oplus y)\frac{f(x)}{x-x\oplus z}\frac{1}{f(x)}$
$=$ $\lim_{zarrow\iota}\frac{s(x,z)}{s(x\oplus y,z)}\frac{f(x\oplus y)}{f(x)}=\frac{f(x\oplus y)}{f(x)}\lim_{zarrow}\sim$ $\frac{s(x,z)}{s(x\oplus y,z)}$
$\lim\underline{s(x,z)}$
$=$ $\lim_{zarrow\iota}\frac{f(x)-f(z)}{x-z}\frac{x\oplus y-z}{f(x\oplus y)-f(z)}=\lim_{zarrow\iota}\frac{f(x)-f(z)}{f(x\oplus y)-f(z)}\frac{x\oplus y-z}{x-z}$
$zarrow\iota s(x\oplus y, z)$





$\frac{\partial}{\partial x}(x\oplus y)=\frac{f(x\oplus y)}{f(x)}\frac{x\oplus y+\frac{e}{d}}{x+\frac{e}{d}}=\frac{p(x\oplus y)}{p(x)}$.
$f(x)$ 2 $\iota=\infty,$ $f(\infty)=$
$z. arrow l\mathrm{h}\mathrm{m}\frac{f(x)-f(z)}{f(x\oplus y)-f(z)}=\lim_{zarrow \mathrm{t}}\frac{*_{fz}^{fx}-1}{+_{J}^{x\bigoplus_{z}}\neq^{y}-1}=1$ .
$\lim_{zarrow}‘\frac{s(x,z)}{s(x\oplus y,z)}=\lim_{zarrow\iota}\frac{x\oplus y-z}{x-z}=1$ .
$\frac{p(x)}{d}=f(x)$ $\gamma$) $\frac{\partial}{\partial x}(x\oplus y)=\frac{f(x\oplus y)}{f(x)}=\frac{p(x\oplus y)}{p(x)}$. 1
2.3
4
2 $f(x)= \frac{ax^{2}+bx+c}{dx+e}=\frac{p(x)}{dx+e}$ $\oplus$ $x\oplus$
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$m(x)=x\oplus k$ $S(m(x))=( \frac{m’’(x)}{m(x)},)’-\frac{1}{2}(\frac{m’’(x)}{m(x)},)^{2}=0$
$m’(x)= \frac{\partial}{\partial x}(x\oplus k)=\frac{p(x\oplus k)}{p(x)}=\frac{p\circ m(x)}{p(x)}$
$m”(x)$ $=$ $\frac{m’(x)p’\circ m(x)p(x)-p’(x)p\mathrm{o}m(x)}{\{p(x)\}^{2}}=\frac{p\circ m(x)p’\circ m(x)-p\circ m(x)p’(x)}{(p(x))^{2}}$
$=$ $\frac{p\circ m(x)}{p(x)}(\frac{p’\circ m(x)-p’(x)}{p(x)})$ .
$\frac{m’’(x)}{m’(x)}$ $=$ $\frac{p\mathrm{o}m(x)}{p(x)}(\frac{p’\circ m(x)-p’(x)}{p(x)})(\frac{p(x)}{p\circ m(x)})=\frac{p’\circ m(x)-p’(x)}{p(x)}$
$( \frac{m’’(x)}{m’(x)})’$ $=$ $\frac{p(x)(p’’\mathrm{o}m(x)m’(x)-p’’(x))-p’(x)(p’\circ m(x)-p’(x))}{(p(x))^{2}}$
$( \frac{m’’(x)}{m’(x)})^{2}$ $=$ $\frac{(p’\circ m(x))^{2}-2p(\prime x)p’\circ m(x)+(p’(x))^{2}}{(p(x))^{2}}$
$S$ (m(x))
$S(m(x))$ $=$ $\frac{p(x)(p’’\circ m(x)m’(x)-p’’(x))-p’(x)(p’\circ m(x)-p’(x))}{(p(x))^{2}}$
$- \frac{1}{2}\mathrm{t}\frac{(p’\circ m(x))^{2}-2p’(x)p’\circ m(x)+(p’(x))^{2}}{(p(x))^{2}}\}$
$=$ $\frac{p\circ m(x)p’’\circ m(x)-\frac{1}{2}(p’\circ m(x))^{2}-\{p’’(x)p(x)-\frac{1}{2}(p’(x))^{2}\}}{(p(x))^{2}}$.
$q(x)=p(x)p”(x)- \frac{1}{2}$(p’(x))2
$S(m(x))= \frac{q\circ m(x)-q(x)}{(p(x))^{2}}$ .
$p(x)=ax^{2}+bx+c$ $p’(x)=2ax+b,$ $p”(x)=2a$.
$q(x)$ $=$ $2a(ax^{2}+bx+c)- \frac{1}{2}(2ax+b)^{2}=2ac-\frac{1}{2}b$2









2 $f(x)= \frac{ax^{2}+bx+\mathrm{c}}{dx+e}$ $\oplus$ $G$
2
$\iota=-\frac{e}{d}$ $d=0$ $\iota=\infty$ $f(\iota)=\infty$
$x \oplus\iota=\frac{xf(\iota)-\iota f(x)}{f(\iota)-f(x)}=\frac{x-\iota\#^{x}}{1-f+fx\iota}‘=x$ .
$k\in\overline{\mathbb{C}}$ $x\oplus k$ $k$
$m(x)=x\oplus k$ $k$ $k^{-1}=m^{-1}$ (t)
2 $f$ (x) $\oplus$
2
$(G, \oplus)$ 1 2
2.5 $\oplus$ Root finding algorisms
6
$\{x_{n}\}$ : $x_{1}=k,$ $x_{n+1}=x_{n}\oplus k$
$k^{\oplus n}$ : $k^{\oplus 1}=x,$ $k^{\oplus n+1}=k\oplus k^{\oplus n}$
7








$f(x)= \frac{ax^{2}+bx+c}{dx+e}$ $\oplus$ :





$f(x)= \frac{1}{x}$ $\oplus$ $k^{\oplus n}=nk$ .
$x \oplus y=\frac{\frac{x}{y}-x\mathrm{A}}{\frac{1}{y}-\frac{1}{x}}=\frac{x^{2}-y^{2}}{xy}(\frac{xy}{x-y})=x+y$ .
2
$f(x)= \frac{x}{1-x}$ $\oplus$ $k^{\oplus n}=k^{n}$ .
$x \oplus y=\frac{x(_{\overline{y}-\overline{1}}\mathrm{A})-y(\frac{x}{1-oe})}{\overline{1}-\overline{y}\mathrm{A}-\frac{x}{1-x}}=\frac{xy-x^{2}y-xy+xy^{2}}{y-xy-x+xy}=xy$ .
2
11








$\oplus$ $x\oplus y=xy,$ $x\oplus y=x+y$ $f$ (x), $g$ (x) :
$f(x)= \frac{x}{1-x},$ $g(x)= \frac{1}{x}$
$\oplus$ $\lim_{yarrow x}x\oplus y=x-,\frac{f(x)}{f(x)}$ ,










$e\in \mathbb{C}$ 2 $f(x)= \frac{p(x)}{x-e}=\frac{ax^{2}+bx+c}{x-e}$ $(G, \oplus)$ $\iota \text{ }$
$x$ $F(x)$
$F’(x)= \frac{1}{p(x)},$ $F(\iota)=0$
2 $f$ (x) $\oplus$ $F$ (x) :
$F(x\oplus y)=F(x)+F(y)$
$\frac{\partial}{\partial x}F(x\oplus y)$ $=$ $F’(x \oplus y)\frac{\partial}{\partial x}(x\oplus y)=F’(x\oplus y)\frac{p(x\oplus y)}{p(x)}$
$=$ $F’(x \oplus y)\frac{F’(x)}{F’(x\oplus y)}=F’(x)$









$x \oplus\iota=\frac{\iota F(y)-yF(\iota)}{F(y)-F(\iota)}=\frac{\iota F(y)}{F(y)}=\iota$
$y$ $\iota\oplus y=$ ’
$y=\iota$ $\iota\oplus\iota=\iota$





$m$ (x) $F$ (x) $p(x)=ax^{2}+bx+c$
$F$ (x) :





$\tanh x$ $f(x)= \frac{-x^{2}+1}{-x}$
.
$(G, \oplus)$ $(G, +)$ :
$\tanh(x\oplus y)=\tanh x+\tanh y$





$\tan x$, $f(x)= \frac{x^{2}+1}{x}$ $(G, \oplus)$ $(G, +)$ :
$\tan x+\tan y=\tan(x\oplus y$
13
$\tan(X+\mathrm{Y})=\frac{\tan X+\tan \mathrm{Y}}{1-\tan X\tan \mathrm{Y}}$ .
$\tan$
$\tan$ ($\tan$ ($X+$ Y)) $=$ $\tan(\frac{\tan X+\tan \mathrm{Y}}{1-\tan X\tan \mathrm{Y}})$
$X+\mathrm{Y}$ $=$ $\tan(\frac{\tan X+\tan \mathrm{Y}}{1-\tan X\tan \mathrm{Y}}$)
$\tan X=x\Leftrightarrow\tan x$ =X, $\tan \mathrm{Y}=y\Leftrightarrow\tan y$ =Y
$\tan x+\tan y$ $=$ $\tan(\frac{x+y}{1-xy})$
$=$ $\tan(x\oplus y)$ . .
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